The coupled-tank apparatus CTS-001 as shown in Figure 1 is a computer-controlled CTS used for liquid level control. The concept of virtual instrumentation is introduced in CTS-001. The need for conventional dedicated user interfaces on individual instrumentations can be eliminate by using virtual instrumentation techniques [1] . Besides, the computer can be used as the tool of communications between the hardware and software. Through the software analysis, it enables to carry out the function of oscillation and display the input and output response. From the system, it also can verify the parameter of the model which can be derived from the mathematical modeling. This output response from the modeling function can be taken as the bench mark to achieve good response after implemented it in the CTS. The performance can easily be monitored in MATLAB simulation.
Problem Statement
Real time control involves algorithms to control a certain processes. In order to study and overshoot (OS).
Objectives
The objectives of this project are: i. To model and simulate PID controller tuned by conventional method which are trial and error, auto-tuning, Ziegler-Nichols (Z-N) and Cohen-Coon (C-C) for CTS.
ii. To obtain optimal parameters of the PID controller for CTS using Priority-Fitness based Particle Swarm Optimization (PFPSO) as the tuning method.
iii. To compare the performance of CTS in terms of transient response specifications (settling time, overshoot, rise time and steady-state error) and validate it with PSO.
Scopes
The scopes of this project are:
i. Implemented PID controller in order to control the performance in terms of settling time of CTS.
ii. Apply PFPSO as the tuning method in finding the optimal parameters of PID controller of CTS.
iii. Use MATLAB and Simulink in writing PFPSO code and simulation.
LITERATURE REVIEW

Theory and Basic Principle
The industrial CTS are widely used in consumer liquid proceeding and chemical processing industry. In order to control the level of the liquid, a conventional PID controller had been implemented. There are several methods to find the parameters for PID controllers such as trial and error method, Z-N method and C-C method.
PID Controller
PID controller is a control feedback mechanism controller which is widely used in industrial control system. PID controller involves three-term control which are the proportional (P), the integral (I) and the derivative (D). PID controller is used to calculate an error value as the difference between a measured process variable and a desired set point. It also used to minimize the error by adjusting the process control inputs.
In the PID controller, there are three parameters which needed to be tuned. One of the parameter was proportional gain, Kp in the proportional controller. This controller has the effect of reducing the rise time and steady-state error but the percentage of the overshoot in the system is high. In the integral controller, Ki as the integral gain, also decrease the rise time but it will eliminate the steady-state error of the system. Even though it eliminates the error but the percentage of the overshoot is increase and it will affect the settling time as well. In order to improve the performance of the system, derivative gain, Kd in the derivative controller is introduced. This controller will take action to improve the transient specification and stability of the system. The effects of the each of the controller on a closed-loop system are summarized in Table 2.1 shown below. In order to gain the high stability and short transient response of the system, the correct gain value must be obtained from the PID tuning. Even though it is only three control parameters, but to adjust the parameter referred to the Table 2 .1 are difficult. Therefore, an optimization tuning method of PID controller is used to determine the value of the gains.
Conventional Tuning Method of PID Controller
Tuning method is very important in control system. The values of the parameters in the controller can affect the performance of the system. The performance of the system can be generally improved by careful tuning but it also can be worst performance with poor tuning. In PID, there is several tuning method that can be used to find the desired control response.
Manual Tuning
Manual tuning is the easiest way to get the value of the parameter because no mathematical is required. However, the value of the parameter is not guaranteed as the best value because it is obtained by trial and error method. For a PID controller, the Ki and Kd values must be set first to zero before increasing the Kp. This will takes a lot of time to obtain the good result. The time can only be shortened with the experienced personnel.
Ziegler Nichols (Z-N)
Z-N is the tuning method that is widely used in the industry. It is developed by John G.
Ziegler and Nanthaniel B. Nichols in 1940s. In this tuning method, Ki and Kd gain are also need to be set first to zero and then increase Kp until it reaches the ultimate gain, Ku at which the output of the loop starts to oscillate in the oscillation period, Pu in PID controller. The set gain is shown in Table 2.2 and Table 2 .3. The advantage of this tuning rule is that it gives the PID loops best disturbance rejection but it yields an aggressive gain and overshoot in the system. 
